On the Variety of Particle Phenomena Discernible at the Geostationary Orbit via the ATS-1 Satellite by Freeman, J. W., Jr. & Maguire, J. J.
. 
I 
I .  
- T  
-- (!PO PRICE 





I On the V a r i e t y  of P a r t i c l e  Phenomena 
D i s c e r n i b l e  a t  the Geostationary O r b i t  
v i a  the A T S - 1  Sa t :e l l i t c>*  
I by 
. -  
Department of Space Sci.ence 
Rice U n i v e r s i t y  
Houston,'  T e x a s  77001 U .  S. A. 
Paper  p r e s e n t e d  at the B i r k e l a n d  Symposium 
on Aurora and Magne t i c  Storms,  S a n d c f j o r d ,  
Norway, September, 1967, and submri t tcd t o  t h e  
Anna le s  de G&op?2ysique. 
* R e s e a r c h - s u p p c r t e d  by NASA C o n t r a c t  NAS5-9561. J 
*-kPresent  addres s :  D e p a r t n i n n t  of P h y s i c s ,  Bos ton  C o l l e g c ,  
Ches tnut  Hill, M a s s a c h u s e t t s ,  U. S .  A .  
. .  . .  
. .  
A 33s 'i R A C 'I' 
The purpose  of t h i s  p a p e r  5.s t o  p r o v i d e  a br.ief c a t a l o g  
of t h e  t h r e e  tnost s a l ~ i . e n t  phenomena t h a t  have  been o b s e r v e d  
w i t h  t h e  R T c e  U n i v e r s i t y  i o n  d e t e c t o r  aboa rd  t h e  ATS-1 
synchronous orhit s a t e l l i . t e .  These phenomena a r e ,  a g r o s s  ' 
pr e -PO s t i n ]  7' d !I j. gh t asymmetry j. II the  enh an c e d en e r g  e t i c ch a r g e d 
p a r t i c l e  f l u x e s  ohscrved on t h e  n i g h t  s i d e  u f . t h e  e a r t h ,  ' 
a magnetopause p e n e t r a t i o n  t o  6 .5  R w i t h  t h e  subsequen t  
d e t e c t i o n  of d i s c r e e t  cl-ouds of e n e r g e t j - c  p a r t i c l e s  e x e c u t i n g  
E 
r e p e a t e d  l o n g i t u d i n a l  d r i f t  about the e a r t h ,  and b u r s t s  of 
ve ry  low e n e r g y ,  E < 50 eV, h i g h l y  d i r e c t i o n a l  p o s . i t i v c  ions 
t e n  t a t  i v e ly as so c .i. a t.e d w i th 11 y d r  ornagn e ti. c t r  an s i e 11 t s . Each 
I 
- .  
of these phefiomcna a r c  described i n  s u f f i c i e n t  d e t a i l  t o  
i l l u s  t r a t c  the prominenb f a c i s .  
. .  
- .  
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I n t r o d u c t i o n  
I t  has  been r e c o g n i z e d  fo r  sariis? time t h a t  the  g e o s t a t i o n a r y  
______I.__ 
synchronous )  o rb i t  o f f e r s  i n t e r e s t i n g  anti un ique  a d v a n t a g e s  
t h e  s t u d y  o€ magnctospheri  c phcnomcna. For  example, 
f a c t  t h a t  such a s a t e l l i t e  sweeps t h r o u g h  a l l  l o c a l  tjmes 
i n  a 24 hour  p e r i o d  a t  a n e a r l y  c o n s t a n t  a l t i t u d e  makes pos- 
s ible  the s t u d y  of gross l o c a l  t i m e  p a r t i c l e  asymmetr ies  n e a r  
the e q u a t o r i a l  p l a n e  f i e l d  l i n e s  which i n t e r s c c t  the e a r t h  
i n  the a u r o r a l  1 - a t i t u d e s .  I n  a d d i t i o n  l a r g e  s c a l e  niagnetospheri  c 
c o n v e c t i o n  p a t t e r n s  of t h c  magnctosplicr i c  plasma c a n ,  ai-. 
- ' least i n  p r i n c i p l e ,  be d c t e c i e d  and p l o t t e d  over time i n t e r v a 1 . s  
s h o r t  compared with ningnetj-c storm p e r i o d s  e The l o n g i t u d i n a l  
d r i f t  t h e s  and degree of temporal s t a b i l i t y  o f  d i sc ree t  c l o u d s  
of e n e r g e t i c  p a r t i c l e s  can be deterrn.ined a s  the c l o u d s  a r e  
e r icountered  by  t h e  s a t e  ] . l i te on s u c c e s s i v e  orbi t -s  the 
ear th ,  and so on. 
I n  Deceniher of l a s t  y e a r  t h e  Unj-ted S t a t e s  s u c c e s s f u l l y  
launched  the f i r s t  of i t s  Rpp l i . ca t ion  Technology SateI.I.i .tes, 
ArrS-1 (shown i n  the f i r s t  f i g w e ) .  The s a t . e l l i t e  i s  i n  a 
synchronous,  o rb i t  t h a t  is  c i r c u l a r  a t  6 .5  R g e o c e n t r i c  
d i s t ance .  'It h a s  a n e a r l y  0 i n c l i n a t i o n  and i s  "pa rked"  a t  




The s a t e l l i t e  i s  p r i m a r i l y  a communicat ions and e n g i . n e e r i n y .  
s a t e l l i t e ,  however approx ima te ly  4 0  3.bs. of t h e ,  600 lbs .  : 
payload were a l l o c a t e d  f o r  s c i e n t i f i c  e x p e r i m e n t s .  
The R i c e  U n i v e r s i t y  i o n  detector aboard  this g e o s t a t i o n a r y  
' s a t e l l i t e  was p r i m a r i l y  i n t e n d e d  to seaich Z a r  convective 
.. 




and hydromagne t i c  wave induced  mot ions  i n  the magnetospher5.c 
t h e r m a l  plasma, c o n s e q u e n t l y  it was d e s i g n e d  w i t h  p o s i t i v e  
i o n  e n e r g y  r e s o l - u t i o n  i n  the 0 to 50 cV r a n g e  v i a  20  d i f -  
I 
l f e r e n t i a l  ene rgy  pass-bands .  The i n s t r u m e n t  c o n s i s t s  of 
a f u n n e l  channel. electron m u l t i p l i e r  c o u p l e d  w i t h  a p l a n a r  
r e t a r d i n g  p o t e n t i a l  a n a l y z e r .  
r e s u  1 t from sq  u a r  e -w av e mo du 1 a ti  o n o f a r e t a r  d i n  g pot en t .i a 1 
g r i d .  I n  a d d i t i o n ,  two i n t e g r a l  e n e r g y  c h a n n e l s ,  one a t  0 eV 
and one  a t  50 cV, a re  i n c l u d e d  i n  the i n s t r u m e n t  s equenc ing  
program. I n  t h e  i n t e g r a l  ene rgy  c h a n n e l  mode t h e  v o l t a g e  
o n  t h e  r e t a r d i n g  p o t e n t i a l  g r i d  i s  h e l d  f i x e d  a t  e i t h e r  0 or 
The 20  . ene rgy  pass-bands  
50 v o l t s ,  and count-s from t h e  channel- e l c c ~ ~ o n - m u l t i p l . i e r  
I 
I are f e d  d i r e c t l y  t o  an a d a p t i v e  accumula to r .  The i n p u t  
a p e r t u r e  of the c h a n n e l  e l e c t r o n - m u J - t j p l i e r  i s  b i a s e d  c o n t i  nuous1.y 
a t  -3000 v o l t s  so t h a t  the i n s t r u m e n t  i s  i n s e n s i t i v e  t o  
I .  e l e c t r o n s  below 3 keV, b u t  i n  t h e  0 i n t e g r a l  ene rgy  c h a n n e l  
i t  m a i n t a i n s  a n e a r l y  uni form e f f i c i e n c y  t o  p o s i t i v e  i o n s  
from thermal e n e r g i e s  to s e v e r a l  hundred  keV and e lectrons 
above 3 k e V .  The i n s t r u m e n t  d i r e c t i o n a l  g e o m e t r i c  f a c t o r  i s  
2 c m  -ster . incluciincj d e t e c t i o n  e f f i c i e n c y .  
The s a t e l l i t e  s p i n s  a t  a p p r o x i m a t e l y  97 KPM, and a s  i t  
does so the cour , t s  from the channel- e l e c t r o n  m u l t i p l i e r  a re  
segmented i n  t i m e ,  so t h a t  t h e  d i r e c t i o n s  of a r r i v a l  of the  
- i n c o m i n j  p a r t i c l e s  a r e  d i v i d e d  i n t o  t h i r t y  d i s c r e t e  s e c t o r s ,  
0 each 1 2  apart-. and i n c l u d i n g  an a n g u l a r  f i e l d  of view of a b o u t  
The d e t e c t o r  look d i r e c t i o n s  a re  normal  t o  t h e  s p j n  -- 25O. 
a x i s  of the s a t e i l i t e ,  whi.ci1 I n  L--- - - -  U L I I  i s  parallel t-c? tlie s p i n  




a x i s  of t h e  ear th .  Tiius the d e t c c t o r  s c a n s  look d i r e c t i o n s  
r o u g h l y  i n  t h e  magne t i c  e q u a t o r i a l .  p l a n e  of t h e  e a r t h .  
The time l i m i t  o n  t h i s  p a p e r  p r e c l u d e s  a complete 
d i s c u s s i o n  of a l l  o f  the phenomena obse rved  to d a t e  w i t h  
the R i c e  ATS-1  i o n  d e t e c t o r .  I w i l l  attempt i n s t e a d  t o  
p r o v i d e  a thumbna i l  s k e t c h  of each of t h r e e  d i f f e r e n t  
phenomena i n  an e f fo r t  t o  p r e s e n t  the k i n d s  of t h i n g s  t h a t  
'have been obse rved .  
TI. Phenomena #l: The' Gross ____i___-____ Local Time'  Asynmetry  of t h e  - - 
E n e r q e t i c  P a r t i c l e  ~ _ - . - _ _  P o p u l a t i o n  ____I__I_ n e a r  the Midn igh t  - _ ~ - _ _ - _  Mer id ian  
The n e x t  f i g u r e  ( F i g u r e  2 )  i l l u s t r a t e s  a t y p i c a l  c o v n t i n g -  
r a t e  p r o f i l e  f o r  t h e  i o n  d e t e c t o r  on one complete o r b i t  d u r i n g  
a > p e r i o d  of 1noderat.e m a y n e t i c  d i s t u r b a n c e  ( C  I< 1 0  t o  1 7 ) .  
The o r d i n a t e  i s  t h e  approximate  counts  per accumula t ion  i n t e r v a l  
and the abscissa,  un ive r sa l .  time. T h e  d a t a  p l o t t e d  r e p r e s e n t  
a l l  p o s i t i v e  i o n s  above 0 e n e r g y  or more c o r r e c t l y ,  t h e  s a t e l l i t e  
P ----____________I 
p o t e n t i a l  and a l l  e l e c t r o n s  above a p p r o x i m a t e l y  3 k e V .  I n  t h i s  
mode of o p e r a t i o n  t h e  i n s t r u m e n t  can be t h o u g h t  of a s  a t o t a l  
p a r t i c l e  detector  e x c e p t  for e l ec t rons  below 3 k e V .  (Note t h a t  
for  e q u a l  p r o t o n '  and e l e c t r o n  v o l w e  number d e n s i t i e s  and 
i d e n t i c a l  ene rgy  s p e c t r a  the e l e c t r o n s  w i l l  be t h e  more com- 
rnonly o b s e r v e d  p a r t i c l e s  b e c a u s e  the i r  lower nicsses r e q u i r e  
h i g h e r  v e l o c i t i e s  for t h e  same e n e r g y ) .  N o  d e t e c t a b l e  f r a c t i o n  
, 
of t h e  f l u x  c o n s i s t s  of p o s i t i v e  ions i n  t h e  0 t o  50 e V  ene rgy  
r a n g e .  The d a t a  p l o t t e d  a r e  from t h e  f l u x e s  whose d i r e c t i o n  
of a r r i v a l  i s  the  a n t i - s o l a r  d i r e c t i o n ,  however ,  t h i s  i s  n o t  
important  for  o u r  purpose s i n c e  t h e s e  f l u x e s  are  i s o t r o p i c  
. .  
-4- 
.- 
i n  t h e  e q u a t o r i a l  p l a n e ,  a t  l e a s t  t o  f i r s t  o r d e r .  The 
s t r i k i n g  f e a t u r e  of t h e  d a t a  i s  t h e  s h a r p  r i s e  i n  t h e  p a r t i c l e  
f l u x  a s  t h e  s a t e l l i t e  c r o s s e s  t h e  midn igh t  mer id i an  h e a d i n g  
toward the midnight-to--dawn q u a d r a n t .  Th5.s graph i s  t y p i c a l  
of a moderate  magnetj-ca1l.y d i s t u r b e d  p e r i o d .  A q u i e t  p e r i o d  
would show no r i s e  n e a r  midnight  b u t  would remain a b o u t  a t  
t h e  prernj-dnight i e v e l  t h rovghou t  the e n t i r e  24 hour  period. 
. A s  t h e  j - n t e n s i t y  of magnet ic  d i s t u r b a n c e  i n c r e a s e s  the 
l o c a l  t ime of t h e  r i s e  d e c r e a s e s ,  t h a t  i s ,  t h e  r ise m3ves 
t o  t h e  l e f t  on t h i s  graph. The n e x t  f i g u r e  (Fi.gure 3 )  shows t h e  
e q u i v a l e n t  g r a p h s  f o r  four  s u c c e s s i v e  d a y s  of a more high3.y 
d i s t u r b e d  p e r i o d .  The C K sums f o r  t h e s e  f o u r  clays a r e  
19- ., 23,  30 and 35 r e s p e c t i v e l y .  On  t h e s e  f o u r  c o n s e c u t i v e  
P 
days  one can see t h a t  t h e r e  h a s  been a g e n e r a l  b roaden ing  of t h e  
r e g i o n  of l o c a l  t i m e s  over which the enhanced p a r t i c l e  f l u x e s  
occur, Mote t h a t  t h e r e  does appear  t o  be some r e s i d u a l  of 
t h e  p re /pos t -midn igh t  asymmetry e f f e c t  ohscrved  i n  t h e  modera t e ly  - 
d i s t u r b e d  c a s e s ,  and t h a t  f o r  t h e  f l n a l  two days  i n  t h e  
sequence  one can s t i l l  see some remnants  of t h e  s h a r p  r i s e  
t i m e .  The i n t e n s i t y  of t h e  p a r t i c l e  f l u x  does n o t  appear  t o  
be c o r r e l - a t e d  w i t h  t h e  K i n d e x ,  b u t  r a t h e r  t h e  g e n e r a l  b r e a d t h  
of t h e  d i s t u r b a n c e  i n  l o c a l  t i m e  Seems t o  be t h e  c o r r e l a t i n g  
f a c t o r .  
P 
F i g u r e  4 shows t h e  C o l l e g e ,  Alaska magnetogram h o r i z o n t a l  
component f o r  t h e  same four  days .  Without  l ook ing  a t  a 
d e t a i l e d  comparison it can b e  seen  t h a t  t h e  magnet ic  d i s t u r b a n c e s  
. *. 
. .  
I 
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particl-e f l u x e s  on the  ATS s a t e l l i t e .  We can  see, for  example,  
t h i s  t endency  for  t h e  r e g i o n  of d i s t r i b u t i o n  t o  broaden  o u t  
i n  local- t i m e  as t h e  storm grows i n  i n t e n s i t y .  A l s o ,  we can 
see g e n e r a l l y  some r e l a t i o n s h i p  between t h e  maximum r e g i o n s  
of magne t i c  d i s t u r b a n c e  and the maximurn p a r t i c l e  f l u x  
enhancernents. A s t u d y  i s  c u r r e n t l y  underway on the r e l a t i o n s h i p s  
between the d e t a i l e d  v a r i a t i o n s  i n  t h e  ATS p a r t i c l e  f l u x e s  ' and  
the ground o b s e r v a t i o n s  includ?.ng al:l-sky camera films . 
I Figure 5 i s  a p i c t o r i a l  d iagram of t h e  p a t t e r n  which 
I 
1 i s  b e i n g  ev idenced  h e r e .  Here w e  have an  e q u a t o r i a l  cross 
s e c t i o n  of t h e  magnetosphere, '  and i n  P a r t  a of t h i s  f i g u r e  
i s  r e p r e s e n t e d  the mag1~eti.c q u i e t  t i m e  c o n d i t i o n s .  Here 
' .  
- there may e x i s t  some r e g i o n  of enhanced plasma or d i s t u r b a n c e ,  
b u t  it l i e s  s u f f i c i e n t l y  f a r  o u t  i n  t h e  t a i l  t h a t  the synchronous  
o rb i t  d o e s  n o t  i n t e r s e c t  i t .  I n  F i g u r e  513 the magne t i c  
a c t i v i t y  has  Lncreased  t o  t h e  p o i n t  where t h e  i n n e r  edge  of 
t h i s  r e g i o n  of enhancement h a s  been dri .vcn inward  t o  i n t e r c e p t  
the s a t e l l i t e  t r a j e c t o r y .  Tlie l e a d i n g  e d g e ,  or i n  p a r t i c u l a r  
t he  pre-midnight.  edge o f  t h i s  r e g i o n  of enhancement,  i s  
shown t o  be v e r y  sharp. A l s o  i n  e v i d e n c e  h e r e  i s  t h e  pre- 
pos t /midn igh t  asymmetry. I n  F i g u r e  5 c  w e  have  t h e  c o n d i t i o n  
' 
I 
p r e s e n t  d u r i n g  the most  i n t e n s e  magne t i c  d i s t u r b a n c e s ,  when 
t h e  enhanced p a r t i c l e  r e g i o n  h a s  a p p a r e n t l y  moved inward frorn I 
the t a i l .  Now t h e  r e g i o n  of enhancement e x t e n d s  i n  some 
cases a s  f a r  a round a s  the dawn m e r i d i a n .  W e  b e l i e v e  t h a t  
the gross p i c t u r e  p rov ided  by  t h e  d a t a  i s  c o n s i s t e n t  w i t h  
the l a r g e  scale  inward  motion of a l a r g e  r e g i o n  of enhancement ,  
. .  ' 
. ,  
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and t h a t  t h e  g e n e r a l  p a r t i c l e  f l u x e s  i n  . t h i s  r e g i o n  a p p e a r  
t o  wax and  wane i n  concert  w i t h  t h e  polar substor in  a c t i v i t y ,  
as  i n d i c a t e d  by  t h e  magnetograms a t  h i g h  l a t i t u d e .  . 
111. Phenomena #2 -: -.- Ob s e r v a t i on o f t h  e &I a g i  e t o  s ph e r i c Eoun d a r -  - L_--_ 
and Subsequent  P a r t i c l e  Clouds 
U n t i l  now, a l l  t h e  d a t a  p r e s e n t e d  have  r e l a t e d  t o  
- - ~ - -  
phenomena i n  which t h e  p a r t i c l e  f l u x e s  were i so t rop ic  ( a t  
' l e a s t  t o  f i r s t  o r d e r ) ,  and for  which t h e r e  was no i m p o r t a n t  
f r a c t i o n  of the t o t a l  p r o t o n  f l u x  i n  t h e  0 t o  50  e l e c t r o n  v o l t  
e n e r g y  r a n g e .  We s h a l l  now p r e s e n t  d a t a  for  which n e i t h e r  of 
.these two s i t u a t i o n s  is t r u e .  
On J a n u a r y  1 3 ,  1967  a s u b s t a n t i a l  magne t i c  storm cornnicnced. 
F i g u r e  6 shows the Honolu lu ,  San J u a n  and Guam magnetograms 
f o r  t h i s  e v e n t .  A t  noon U . T .  on t h e  1 3 t h  t h e r e  o c c u r r e d  
two remarkable square-wave sudden i m p u l s e s ,  b u t  from t h e n  on 
the storm a p p c a r s  t o  d e v e l o p  r a t h e r  g r a d u a l l y ,  with t h e  
i n i t i a l .  p h a s e  l a s t i n g  u n t i l  a b o u t  2100 or 2200 h o u r s  on t h e  
13th.  About three h o u r s  i n t o  t h e  main p h a s e ,  s h o r t l y  a f t e r  
t h e  f i r s t  h o u r  on the 1 4 t h ,  t h e r e  o c c u r r e d  a p o s i t i v e  s p i k e .  
A t  the  t i m e  of t h i s  sudden i m p u l s e ,  t h e  ATS s a t e l l i t e  was a b o u t  - .  
2 and 1 / 2  h o u r s  p a s t  the noon m e r i d i a n  and h e a d i n g  toward the  
d u s k  m e r i d i a n .  The Janua ry  14 d a t a  from one of the a n g u l a r  
d i s t r i b u t i o n  samples ,  or one of t h e  r o t a t i o n s  of t h e  s a t e l l i t e ,  
i s  shown i n  F i g u r e  7. 
. .  
T h i s  group of g raphs  shows the f l u x e s  from f i v e  d i f f e r e n t  
d i r e c t i o n s  a l l  p l o t t e d  on the same a b s c i s s a .  Note t h e  top 
- .  
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graph ,  which co r re sponds  t o  t h e  f l u x e s  .corn.ing from a r a n g e  of 
0 abou t  36O t o  60 clockwise from t h e  s a t e l l i t e - s u n  d i r e c t i o n .  
There i s  a v e r y  pronounced peal; i n  t h e  p a r t i c l e  f l u x  d u r i n g  
t h e  f i r s t  hour .  
t h e n  a n o t h e r  a t  6 : 3 0 ,  and ( a l though  i t  isn ' t  c l e a r  f r o m  t h i s  
f i g u r e  because  n o i s y  d a t a  h a s  been  a u t o m a t i c a l l y  removed 
by the computer plot program) ye!: =1 t h i r d  peak at a b o u t  9:OO. 
As w e  move down the o r d i n a t e  of P i g u r c  7 ,  i.e., i n  d i r e c t i o n s  
away from t h e  s u n ,  t h e  i n i t i a l  peak d i m i n i s h e s  i n  i n t e n s i t y  
u n t i l  we get t o  t h e  bottom c u r v e  (which cor respoi ids  t o  f l u x e s  
coming f r o m  t h e  a n t i s o l a r  d i r e c t i o n ) .  There t h e  f i r s t  peak . 
has d i s a p p e a r e d  a l t o g e t h e r .  However, tile see, t h a t  the subsequent  
peaks a r e  s t i l l  p r e s e n t .  Thus,  d u r t n g  t h e  p e r i o d  o f  one -ha l f  
hour  or so i n  t h e  f i r s t  p a r t  o f  t h e  day ,  t h e r e  was an i n t e n s e l y  
a n i s o t r o p i c  f l u x .  That a n i s o t r o p i c  f l u x  was t h e n  fo l lowed  
,. 
There  follows a second peak a t  around 4:00, 
by success i .ve  peaks  which were a lmost  comple t e ly  i s o t r o p i c  
and s e p a r a t e d  i n  time by abou t  2 and 1 / 2  hour  i n t e r v a l s .  
The degree  o f  a n i s o t r o p y  of t h e  p a r t i c l e  f l u x  i n  t h e  f i r s t  
pe'ak can be s e e n  i n  F igu re  8, where p a r t i c l e  f l u x  i s  p l o t t e d  
as a f u n c t i o n  of t h e  d i r e c t i o n  of a r r i v a l .  One  can  see t h a t  
t h e r e  i s  a rnaxinium number of c o u n t s  per accumula t ion  i n t e r v a l  
which o c c u r r e d  a t  around 4 5  . The p l o t  i s  made on a l i n e a r  
s c a l e ,  so t h a t  o n e  can  r e a d i l y  see t h a t  t h e  f r o n t  t o  back  
0 
. r a t i o  f b r  t h i s  a n i s o t r o p y  i s  a lmos t  an o rde r  of magnitude.  - 
F i g u r e  9 shows a diagrammatic  r e p r e s e n t a t i o n  o f  what was 
obse rved  on  J a n u a r y  14 .  Here we've p l o t t e d  a long  t h e  s a t e l l i t e  
t r a j e c t o r y  t h e  o b s e r v a t i o n  po in t s  o f  t h e s e  f o u r  p a r t i c l e  b u r s t s .  
Vectors have  been drawn t o  indLca te  the  magnitude and d i r e c t i o n  
i 
' .  . 
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of t h e  p a r t i c l e  f l u x e s ,  I n  t h e  f i r s t  b u r s t  a t  a b o u t  2 and 1 /2  
h o u r s  a f t e r  noon one  can e a s i l y  d i s c e r n  very i n t e n s e  a n i s o t r o p i c  
f l u x e s ,  w i t h  the d i r e c t i o n  o f  a r r i v a l  r o u g h l y  t a n g e n t  t o  t h e  
s a t e l - . l i t e  o rb i t .  The f o l l o w i n g  t h r e e  s u c c e s s i v e  b u r s t s  appear  
. t o  be r e l a t i v e ] - y  i s o t r o p i c ,  b u t  of gradual - ly  d i m i n i s h i n g  
o v e r a l l .  ampl i tude .  Based on t h e  d a t a  from t h e  t w o  i n t e g r a l  
c h a n n e l s  of the ion  d e t c c t o r  t h c  fl..,:x &served d u r i n g  t h e  
a n i s o t r o p i c  b u r s t  c o n t a i n e d  a f r a c t i o r i  of approximate ly  10% 
p o s i t i v e  i o n s  whose energy  was below 50 e V .  
We i n t e r p r e t  t h e  i a t a  from t h e  a n i s o t o r p i c  f l u x  p e r i o d  
t o  i n d i c a t e  t h a t  t h e  magnetopause was t e m p o r a r i l y  compressed 
beyond 6.5 R so t h a t  t he  s a t e l l i t e  t e n i p o r a r i l y  e n t e r e d  t h e  
magnetosheath.  The U . C . L . A .  magnetometer [ Cwiinijnqs ---- and --- Coleman, 
E'  
19671 showed sudden dianyes i n  t h e  l o c a l  inagiletic f i e l d  magnitude 
and d i r e c t i o n  a t  t h e  t imes  of t h e s e  l a r g e  s c a l e  a n i s o t r o p i c  
fluxes. l'llis i s  c o n s i s t e n t  w i t h  t h e  i d e a  of a boundary cros- 
s i n g  a s  i s  t h e  h i g h  d i r e c t i o n a l  f l u x  and s o f t  spec t rum obse rved  
. by t h e  i o n  d e t e c t o r .  
.. 
F u r t h e r ,  we s u g g e s t  t h a t  the t h r e e  s u c c e s s i v e  i so t ropic  
b u r s t s  subsequen t  to  t h e  a n i s o t r o p i c  b u r s t  may represent 
e n c o u n t e r s  of t h e  s a t e l l i t e  w i t h  a s i n g l e  c l o u d  of e n e r g e t i c  
p a r t i c l e s  d r i f t i n g  i n  l o n g i t u d e  around t h e  e a r t h .  Rased on 
the obse rved  t i m e  between b u r s t s  of two h o u r s  and twen ty - f ive  
-. 
' -m inu te s  and assuming an  ax isymmetr ic  magnet ic  f i e l d ,  t h e  e n e r g i e s  
r e q u i r e d  of such  p a r t i c l e s  a r e  40  keV i f  the p a r t i c l e s  are 
p r o t o n s  and 50 keV if e l e c t r o n s .  I n  an a t t e m p t  t o  d i s c e r n  
1..zk..ether o r  n e t  these s u c c e s s i v e  peaks  a r e  o b s e r v a t i o n s  of t h e  
. .  
. .  i i 
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1 L a  same c l o u d  we have  r e p l o t t e d  t h e  d a t a  i n  h i g h  t i m e  r e s o l u t i o n .  
i 
, .  
The r e s u l t ,  shown i n  F i g u r e  1.0, i s  an o v e r l a y  of t h e  f l u ’ x e s  
of the t h r e e  i so t ropic  burs t s .  One  can  see t h a t  t h e r e  ap- 
p a r e n t l y  a r e  i.ndividua1. peaks  i n  the f i r s t  b u r s t  t h a t  can 
also be found i n  the second.  I f  t h i s  h y p o t h e s i s  i s  c o r r e c t ,  
the e n t i r e  c l o u d  must have  been monoene rge t i c  t o  w i t h i n  1 keV, 
or a few p e r c e n t ,  and t h e  i n d i v i d u a l  temporal v a r i a t i o n s  mere ly  
mirror t h e  t i m e  p r o f i l e  of the inje-cti.on mechanism. 
I V .  E?~-enomena #3: -
--I_______ B u r s t s  of Very 3Jow ___-_-- Enerqy L € J i G y  _---- D i r e c t i o n a l .  
Po s i  t i v e  -zgn s W i  t l i  i n  t h  -__. e Ma gn e t o sph _____ c r e 
A t  app rox ima te ly  0145 U . T .  on the 8 t h  of J a n u a r y  1967 t h e  
ATS i o n  d e t e c t o r  r e g i s t e r e d  a r emarkab le  h i g h l y  d i r e c t i o n a l  
f l u x  of p o s i t i v e  i o n s  whose e n e r g i e s  were below 5 0  e V .  The 
angu1.a.r d i s t r i b u t i o n  of t h i s  fl.ux ( i m t e g r a l  f l u x  above 0 e V )  
i’s shown for  one  a n g u l a r  s c a n  i n  F i g u r e  11. The d i r e c t i o n  of 
a r r i v a l  of the f l u x  i s  r o u g h l y  t h e  a n t i s o l a r  d i r e c t i o n .  
f l u x  i n t e n s i t y  was suf f ic i .en t1 .y  g r e a t  t h a t  an ene rgy  spec t rum 
c0uI.a be o b t a i n e d  th rough  the i o n  d e t e c t o r  d i f f e r e n t i a l  
e n e r g y  channe Is. The measured d i f f e r e n t i a l  spec t rum shows a 
narrow ene rgy  peak  c e n t e r e d  on 5 e V ,  however ,  t h e  e x a c t  v a l u e  
of t h e  mean ene rgy  must remain  uncert-.ain b e c a u s e  of the unknown 
The 
s a t e l l i t e  potentj-a].. Two a d d i t i o n a l  s i m i l a r  e v e n t s  have  been 
found i n  the ATS d a t a  examined t o  d a t e .  Under normal  c o n d i t i o n s  
the i o n  d e t e c t o r  r e g i s t e r s  no s t a t i s t i c a l l y  s i g n i f i c a n t  c o u n t s  
5 
_ .  in t h e  0 t o  50 e V  energy  r a n g e  ( i . e . ,  j 5 5 x 10 p a r t i c l e s  
-2 -1 -1 crn sec ster ) .  
The’se a n i s o t r o p i c  f l .uxes  may r e s u l t  froin the d i r e c t l s n a l  
I 
o r d e r  of  s e v e r a l  mi1I . ivoIts  p e r  meter i s  r e q u i r e d  t o  prodiuce 
the obse rved  E x B 
i n s i g n i f i c a n t  s p a c e c r a f t  p o t e n t i a l .  
i s  doniiiiant hydromagnet ic  t r a n s i e n t s  of ampl i tude  approximatel-y 
o n e  t h i r d  t h e  ambient f i e l d  a r e  r e q u i r e d  f o r  hm wa17e v e 1 . o c i t i . e ~ .  
of t h e  o r d e r  o f  100 km/sec. 
examina t ion  of t h e  'on-board and ground-based magnetometer 
d a t a  wi l l .  h e l p  r e s o l v e  t h e  e x a c t  n a t u r e  of  t h i s  f l u x .  
V. Acknowledgments 
-8 -3 
d r i f t  motion f o r  p r o t o n s  assuming .an 
I f  t h e  former h y p o t h e s i s  
I t  i s  hoped t h a t  a coiuplete 
- .  
_I 
We a p p r e c i a t e  h e l p f u l  d i s c u s s i o n s  w i t h  P r o f .  A .  J. Dessler. 
I 
~ 
- .  
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motion of t h e  t h e r m a l  plasma induced  b y . t h e  passage of a t r a n s i e n t  
hydromagnet ic  wave or a l t e r n a t i v e l y  t3c-y may represent t h e  
. con t inuous  convec t i o n  c u r r c n t s  f l owing  th roughou t  t h e  
T h i s  r e s e a r c h  was suppor t ed  under  NASA C o n t r a c t  N A S 5 - 9 5 6 1 .  
I '  
. .  " .  
1 
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Cuinminys, W. D,  , and P. J. Coleman, Jr, , Simul taneous  
magnet ic  f i e l d  v a r i a t i o n s  a t  the e a r t h ' s  s u r f a c e  
and a t  the synchronous , equatorLa1 d i s t a n c e  , 
Conjugate P o i n t  ampos ium June  , 1967. 
--I I-- - - 
I 
I Freeman, J. W. and J. J, Maguire,  Gross l o c a l  t i m e  p a r t i c l e  
asymmetr ies  a t  t h e  synchronous o r b i t  , t o  be p u b l i s h e d  
i n  t he  J. Geophys. Res., November, 3.367. - --- -
E 
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CAPTIONS FOR F1GUF:ES 
.. 
* .  
F i g u r e  1 
F i g u r e  2 
The, ATS-1 Satellite. 
F i g u r e  2 shows t h e  r e s p o n s e  of t h e  ATS i o n  
d e t e c t o r  t o  p a r t i c l e s  f lowing  f r o m  the a n t i -  
s o l a r  d i r e c t i o n  d u r i n g  a moderate  m a g n e t i c a l l y  
d i s t u r b e d  day. The o r d i n a t e ,  l e v e l  number, . i s  
. a non-l.i.near r e p r e s e n t a t i o n  of t h e  c o u n t s  i n  
. each  accumu3.ation i n t e r v a l .  Leve l  N o .  8 
co r re sponds  t o  a f l u x  of approXimately 
3 x 10 ions/cm --sec.-ster. . ,  Level  NO. 24 t o  
1 x 10 ions/cin --scc.-ster.,  and Leve l  NO. 4 0  
6 ' 2  
7 2 
t;o 4 x 10 7 ions/cm 2 -sec.-ster. 
F i g u r e  3 F i g u r e  3 shows a c0mposj.t.e s e t  of i o n  d e t e c t o r  
d a t a  f o r  f o u r  days  d u r i n g  a m a g n e t i c a l l y  
d i s t u r b e d  period. The o r d i n a t e  s p e c i f i c a t i o n s  
for F i g u r e  2 a p p l y  t o  t h e s e  d a t a  a lso.  
F i g u r e  4 A composite set  of magnetograms from C o l l e g e ,  
Alaska for t h e  days  358 through 361, 1966. 
F i g u r e  5 A diagrammatic  r e p r e s e r i t a t i o n  of t h e  motion 
of r e g i o n  of enhanced plasma f l u x e s  i n  t he  
- e q u a t o r i a l  p l a n e  d u r i n g  d i s t u r b e d  magnet ic  
c ,ondi t ions .  P a r t  (a)  shows t h e  h y p o t h e t i c a l .  
plasma r e g i o n  o u t s i d e  t h e  geostatj .on.ary orbi t  
d u r i n g  q u i e t  m a p e t i c  p e r i o d s .  P a r t  (b) shows 
t h e  p e n e t r a t i o n  of a p o r t i o n  of t h e  plasma 
, 
t o  6.5 R w i t h  i n c r e a s i n g  m a g n e t i c  d i s t u r b a n c e ;  
E ' I  
t h i s  plasma b e i n g  c o n c e n t r a t e d  n e a r  the  midn igh t  I 
F i g u r e  6 
I F i g u r e  7- 
I 
1 
m e r i d i a n .  P a r t  (c)  shows t h e  b u l k ' o f  the plasma 
r e g i o n  moving i n t o  t h e  body of the magnetosphere  
d u r i n g  i n t e n s e  magne t i c  a c t i v i t y .  , 
Magnetograms showing the h o r i z o n t a l  component 
of the geomagnet ic  f i e l d  a t  San J u a n ,  Honolu lu ,  
and Guam d u r i n g  t h e  magne t i c  s t o r m  of J a n u a r y  
13-14, 1967. 
ATS p a r t i c l e  f l u x  d a t a  from t h e  0 e V  i n t e g r a l  
c h a n n e l  f o r  Day 14, 1967,  T h i s  se t  of g r a p h s  
g i v e s  the f l u x e s  from f i v e  d i f f e r e n t  look 
d i r e c t i o n s  of t h e  d e t e c t o r  p l o t t e d  on a common 
abscissa. The o r d i n a t e ,  l e v e l  number, i s  a non- 
l i n e a r  r e p r e s e n t a t i o n  of the c o u n t s  i n  e a c h  
accumula t ion  j - n t e r v a l .  The c o n v e r s i o n  t o  fl.ux 
is approx ima te ly  as  foll-ows: L e v e l  N o .  8 cor- 
r e s p o n d s  t o  a f l u x  of 3 x 10 ions/cm -sec.-ster., 
L e v e l  N o .  24 t o  1 x 10 ions/cm -sec.-ster., and 
Leve l  N o .  4 0  t o  4 x 10 ions/cm -sec.-ster, 
Each o r d i n a t e  scale  marking c o r r e s p o n d s  t o  a 





- z e r o  a s s i g n e d  t o  each  of the f i v e  c u r v e s .  
F i g u r e  8 L i n e a r  plot of pa r t i c l e  f l u x  v s ,  d i r e c t i o n  of 
a r r i v a l  fo r  t h e  a n i s o t r o p i c  f l u x  e v e n t  a t  the I 
- 1  
i ' beg inn ing  of Day 14, 1967, 
F i g u r e  9 
F i g u r e  1 0  
F i g u r e  11 
- 14- 
Day 14  s a t e l l i t e  t r a j e c t o r y ,  w i t h  a n i s o t r o p i c  
and i s o t r o p i c  b u r s t s  i n d i c a t e d ,  The arrows are  
vectors, g i v i n g  b o t h  the magnitude and d i r e c t i o n  
of f l u x  a t  the p a r t i c u l a r  l o c a l  t i m e .  
T r ip l e  o v e r l a y  of t h e  t h r e e  i so t rop ic  b u r s t s  i n  
h i g h  t i m e  r e s o l u t i o n .  The a b s c i s s a  i s  so a r r a n g e d  
t h a t  co r re spond ing  p o i n t s  on g r a p h s  A ,  B, and C! 
are s e p a r a t e d  i n  time by 2 h o u r s  and 25 minu tes ,  
The maximum ampl i tude  on cu rve  A c o r r e s p o n d s  
t o  approximate ly  '1000 c o u n t s ,  and t h e  t h r e e  c u r v e s  
must be connec ted  i n  o r d e r  end t o  end i n  o r d e r  
t o  r e a d  the  o r d i n a t e .  Agajm, the o r d i n a t e  i s  a 
non- l inea r  s c a l e ,  b u t  h e r e  each p o i n t  represents 
a channel sum for  i n t e r v a l s  .as  small a s  1 minute  
and 53 seconds.  
Angular d i s t r i b u t i o n  of t h e  v e r y  low energy  p ro tons .  
-.  . -  
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